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the size of the drop is partially recovered. There is a stage of dilution 
when the specific gravity is 1P0680, where the drop-size is a miiiinium. 
Further, it is seein from columni 5 that tlhe quaiitity of nitre in a drop in- 
creases continually tus the strength of the solutioni inicreases, although both 
the weight and the volume of the drop vary. 

Inversely, the regularity of the variation of drop-size, in the case of nitre, 
poinits to the absenec of hydrates of thiat body. 

It would be delusive to endeavour to construct a formula connecting the 
specific gravity with the drop-size or drop-weight of the solution; but, as 
before, a graphic representation serves to show the connliexionl between the 
variables. In curve D, fig. 2, the abscissee represen:t the quantity of 
nitrate of potash in solution, the ordinates show the correspondinig drop- 
sizes. As with chloride of calcium, it is seen that the drop-size of water is 
larger than that of any solution ol' nitre. Curve E, fig. 2, lhaving the 
same abscissme as D, has ordiniates which represen-t the drop-weights. 

It is confessedly a matter of great interest, and still greater difficulty, to 
determine exactly the relation which exists between a dissolved solid and 
its solvent-that is, to find out whether or when a solid shlould be viewed 
as beinig in combiniation with a portion of the liquid in which it is dissolved. 
Such questions may perhaps receive additional light from experiments 
similar to the above, but imore extensive, and performed with this special 
object in view. Comparinig the curves C and D, for instance, there can be 
little doubt that the secolndary maxima and minimna of C are owing to the 
existence of hydrates of chloride of calcinn in solution. The only known 
hydrates of chloride of calcium are Ca Cl, 2 I-I0 and Ca Cl, 6 1O, the latter 
of which contains 5017 per cent. of Ca Cl. Solution S contains about 42 5 
per cent. It is noteworthy that, while the six-water chloride in the solid 
state absorbs heat oni solutioni, the solution S evolves h}eat on dilution, as 
already mentioned. In the case of iiitre we have in the drop-sizes evidence 
only of the opposite efforts of two cohesions, that of the water and that of 
the nitre. By pursuing this direction of experimental inquiry, evidence 
may probably be got concerning the truth of Berthollet's hypothesis of 
reciprocal recomposition in the case of the mixture of the solution.s of two 
salts, AX and BY, where AY and BX are also soluble in water. 

3II. "On Drops."-Part II. B3y PEDEItiCK GUTHRIE, Esq., Pro-. 
fessor of Clheiistry and Physics at the loyal College, Ma-uritius. 
Comniminicated by Professor STOKES, SCC.R.S. Received October 
17, 1864. 

We have next to consider the influence whichl variation ia the chemical 
nature of the drop-forming liquid may exercise upon the drop-size in the 
case SLG. 

The liquids which were selected for this purpose were chosen as being, 
VOL. XIII. 2X 
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typical of extensive classes, rather than as being connected with one another 
in immediate chemical relation. They were- 

Water. Oil of turpentinie (turpentol). 
Alcohol. Benzol. 
Acetic acid. Glycerine. 
Acetic ether. Mercury. 
Butyric acid. 

These several liquids were allowed to drop under the same conditions, 
from the bottom of a hemispherical platinum cuip. The arrangement of the 
apparatus was quite similar to that described in Part I., the ivory ball being 
replaced by the platinum cup, and the overflow of the cup being deter- 
mined by strips of paper bent over its edge. The case of merculry is the 
only one which requires somse explanation. A few years ago I noticed the 
fact that mercury which holds even a very little sodium in solution has 
the power of "wetting " platinum in a very remarkable manner. The 
appearance of the platinum is quite similar to that presented by amalga- 
mable metals in contact with mercury. But the platinium is in no wise 
attacked. Further, the amalgam may be washed off by clean mercury, 
and the latter will also continue to adhere equally closely to the platinum. 
All the phenomena of capillarity are presented between the two. The 
surface of the mercury in a platinum cup so prepared is quite concave; and 
a basin of mercury may be em-ptied if a few strips of similarly prepared 
platinum foil be laid over its edge-just as a basin of water may be emptied 
by strips of paper or cloth, and under the same condition, namely that the 
external limb of such capillary siphon be longer than the internal one. 

I generally use this curious property of sodium-amalgam for cleaning 
platinum vessels. It enables us now to examine the size of drops of mer- 
cury under conditions similar to those which obtain in the case of other 
liquids*. After the cup had been used for the other liquids, its surface 

* In regard to the above-mentioned property of sodium, the following observations 
may be of interest. At first the explanation naturally suggests itself, that the effect 
wrouglht by the sodium may be due to an absorption of oxygen, in consequence of the 
oxidation of the sodium, the consequent diminution of the gaseous film between the 
two metals, and the resulting excess in the superior pressure of the air. This, however, 
cannot be the true explanation, because it is found that the perfect contact between the 
two, or " wetting," takes place equally well in an atmosphere of nitrogen, carbonic acid, 
or in vaeco. Hence, if I may venture upon a guess, unsupported by experimental evi- 
dence, I should be rather disposed to assign the phenomenon to the reducing action of 
nascent hydrogen derived from the contact of sodium with traces of water. Perhaps 
even the least oxidizable metals are covered with a thin film of oxide, which is reduced 
by the nascent hydrogen at the same moment that tlhe mercury is presented to the re- 
duced metal. It is found that iron, copper, bismnuth, and antimony are also wetted by 
mercury if their surfaces are first touched with sodium amalgam. Not only do the 
latter metals lose this power on being heated (as we might expect, in consequence of 
their superficial oxidation), but platinum, from which the adhering mercury film has 
been wiped by the cleanest cloth, or froin which it has been driven by heat, also loses 
tho power. It is true that tle surface of clean platinum is supposed to condense a 
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was rubbed with sodium-amalgam and washed with clean mercury. A 
few strips of similarly prepared platinum foil being bent over the edge and 
pressed close to the sides of the cup, the mercury could be handled simi- 
larly to the other liquids. 

The following Table VII. shows,- 
1. The liquids examined. 
2. The number of drops which were weighed. 
3. The weights found. 
4. The mean weights of single drops. 
5. The observed specific gravity at the given temperature. 
6. The relative sizes of single drops. 

TABLE VII. 

T=260 C. 
Sqt= 2". 

Radius of curvature of platinium cup-= I1 4 millims. 

2. 3. 4. 5. 6. 
Name and formula Namber Weight Mean weight of Specific Relative size of 

of liquid. of drops. ol drops. single drop. gravity. single drop. 

grm. grm. 
~20 2-9703 

I20 2:99233 
Water ......... 20 2-9472 0-14828 1-0000 0-14828 
HO. 20 2-9603 

L20 2 9533J 
f20 2-54961 

Glycerine 2....... 20 2 5576 0-12804 1 2452 0 10280 
co H8 06.10 1-28771 

a6 [8 ?6' F?20 1 1616 
Butyric acid ...... 20 11630 0-05813 1 0017 0-05803 

C8 H1 04 20 1'1634J 
[20 7-9655] 

Mercury.4 20 7 8984 0 78703 13 5728 0 05798 
H ~~~~20 7-7977 Hg. 20 7-8197J 

[20 0 9514 

Benzol ............ 20 099488 0-04778 0-8645 0-05527 
CH 20 0-9579 

12 E 20 0 96441 
20 0-8675 

Turpentol .......... 20 0-8656 0-04331 0-8634 0-05016 
012 HO, [20 0-8653J J 2O 0?7890 

Alcohol ............ 20 0-7910 0 03949 0 8163 0 04960 
04H, 02 ~~20 0-7896 C4 HG 02- I20 082141 

Acetic ether ...... 20 0 8300 0-04149 0 8930 0 04647 
4H2 004H? l0 20 0 8384J 

F30 1-36361 
Acetic acid ......... 20 0 9055 0'04540 10552 0 04302 

100 C4H3032 [20 09095J 

film of oxygen; and the removal of this might alter the adhesion between the mercury 
and platinum; but such a film could scarcely exist in vacuo or in another gas. 

2 M 2 
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I The experimenital numbers obtained are given without omission. The 
liquiids are arranged irn the order of magniitude of their drop-sizes. It 
appears from columnn 5 (of the specific gravities) that some of the liquids 
employed were not perfectly puire. This, however, is quite immateri'al in 
the present direction- of eXaMiDation, provided that in all cases where the 
liquids named are in future employed and compared with those of Table 
VII., idenitically the saine liquids are meant. 

The luinbers of columil 6, witlh which we are now exclusively conicerned, 
present several paints of great interest. In the first place, it appears that 
the specific gravity of a liquiid is niot by any means the m-ost powerfil de- 
terminant of the drop-size. TIhius butyric acid, which has sensibly the 
samie specific gravity as water, gives rise to a drop less than half the size 
of the water-drop ; wliile inercury, of singular specific gravity, has nlo ex- 
ceptionial drop-size. Lastly, it mnay be observed how tha, remarkable body 
water asserts here agaill its preeminence. The first impressionl which 
these niumbers m ake is, that there are three grouips of magnitude, a, 2 n, 
3 a. But it is possible thlat chaneage in the niature of the solid might 
throw these drop-sizes into a diiffernt order of magnitude; and certainlly 
until a very nmuchl greater niumber of bodies is e-eamineld in this sense, it 
would be premature to attemipt to establish anything, like a laqw. 

It is suaicient for the present to point out that the drop-size is not 
directly dependent upoln either the specific gravity or boiling-point ; nlor 
does it stand in any obvious relation to what is sometimes called the liqui- 
dity, mobility, or thinness of a liquid. For we finid that glyceriine and 
(from former ex periments) cocoa-nut oil both form smialler drops thani 
water, the one being heavier and the other liglhter than that body, and 
both being viscid or sluggish. OCn the othier hand, alcohol and acetic acid, 
both perfectly rnobile liqtuids, give rise to drops about half as large as those 
of glycerine*. 

1-Ience it is clear that we are still ignorant of that property of a liquid 
upon which its drop-size mainily depenids. VWe are not yet in a positioni 
to connect the drop-size with aniy of the knownl physical or chemical pro- 
perties of liquids. We approach the solution of the problem by studying 
the effects of clhange in some others of the variables. 

The adhesion betweein the liquid which drops and the solid fron which 
it drops is also affected by the curvature and general geometric distribution 
of the solid at and about its lowest point. Anid the variation in the adlhe- 
sion between the solid anid liquid, caused by the variation in the geometric 
distributioni of the solid, may and does in its turn affect the size of the 
drop. 

Frolm this aspect, one of the simple3t kinds of variation is that offered 
* T[he evaporation of the i ore volatile of these liquiids is a source of sliglht error; 

not so m-uch on account of the direct loss in wveight of the drop in falling, as by reason 
of the cooling which it ea-use, and the conseqluent variation in density and adhesion. 
Such source of variation we shall e-amine in thie sequel, and fmd insignificant'. 
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by a svstem of spheres of various radii, but made of the same material. 
And this case is an important one, because it undoubtedly offers.the key 
to all drop-size variatioin arisingo, from a similar cause. To study this point 
we may make use of any one conivenient liquid, such as water, and cause 
it to drop at a fixed rate from spheres of various radii, including the ex- 
treme case of a horizoutal plane. This extreme case, however, presents 
certain practical difficulties. From a plane it is almost impossible to get 
a series of drops uniiform in growth-time an-d in position. A ripe.drop 
hanging from a horizontal plane will seek the edge thereof. Several drops 
may form upoli and fall from the same plate at the same time and ilnde- 
pendently of one another. It is only by employing a plate not absolutely 
flat, that anl approximationl to the required conditions can be made. Taking 
r for the radius of cnirvature, the first numbers for r=- can therefore be 
considered only as an approximation. The arranigemenits for the other 
cases were quite similar to that described in Part I., fig. 3. 

No. 1. A glass plate, fastened to and held by a vertical rod. 
Nos. 2, 3, 4. Selected globular glass flasks. 
Nos. 5, 6, &c. Perfectly spherical glass spheres. 

TABLE VIII.-Water. 

yt=21f. 
T=22? 5 C. 

:t. 1 2. 3. 4. d. 

Number Radiu:s of Weighlt Acean weight 

dl ~ ~~~~~7 and relative sizo of drops. curvature. of clrops. of single drop. 

1. {20} {52873} 026549 

2. {g20 } mm. 4 5 922 
0-24808 

3. {20 701 4-}260 022619 

4. {2} 47-2 {42781 } 0-21257 

5. 20 17 5 3 55 017497 

6. {20} 151 {335 } 0 16765 

7. {20} us {g3028} 015122 

8. {20 11i 2 {29803} 014896 

9. 2 10.0 2-8665 0.14321 
201 1~~2-8619 j 

10. {20 75 26760 } 0 13356 

IL 20~ 7-1 f257521 0-12877 

.11591 

It appears, therefore, that the drop increases in size accordinig as the radius 
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of the sphere increases from which the drop falls, and, further, that the 
difference of drop-size brought about by this cauise alone may easily amount 
to half the largest drop-size. For dispensers of medicine this fact is as im- 
portant as that pointed out in Part I., where it was shown that the growth- 
time so materially influenced the drop-size. The lip of a bottle from which 
a drop falls is usually annuloid. The amount of solid in contact with the 
dropping liquid is determined by the size of two diameters, one measuring 
the width of the rim of the neck, the other the thickness of that rim. In 
most cases the curvature and massing of the solid at the point whence the 
liquid drops is so irregular as not to admit of any mathematical expression. 

The reason why drops which fall from surfaces of greater curvature are 
larger than those which fall from surfaces of less curvature is surely 
this -In the case of a surface of greater curvature the base of the drop 
has more nearly its maximum size; the centre of gravity of the liquid filn 
from which the drop hangs is nearer to the centre of gravity of the hang- 
ing drop; the contact between the two is more extensive and intimate; so 
that the drop is held for a longer time and therefore grows more. 

On comparing columns 3 and 5 of Table VIII., there does not appear 
to be any obvious law of connexion between the two; nor inideed can the 
numbers of column 4 pretend to such a degree of accuracy as would justify 
us in attempting to establish one. This is seen on comparing inter se the 
numbers of column 4. Especially with the spheres of longer radii, there 
is so much difficultv in getting a uniform wetting of the surface whence 
the drop falls, and this so materially influences the drop-size, that the 
numbers found are seen to vary considerably. Greater accord is obtained 
with spheres of less radii. As we might expect, the samie absolute increase 
in length of radius takes less effect upon the drop-size in the case of longer 
than in that of shorter radii. The infinite, or at least indefinitely great 
difference between the radii 1 and 2 produces about the same effect upon 
the drop-size as the difference of 43 millims. between the radii 2 and 3, 
and so on. 

The following Table of first differences shows this more strikingly 

n+- r^. wa+l - VJn 

oo 001854 
43 0 02189 
22-9 0 01362 
29-7 0 03760 
2 4 0 00732 
3-6 0 01643 
0 3 0 00226 
1-2 0 00575 
25 000965 
0 4 0 00479 

The relation exhibited in this Table supports the supposition that the 
size of the drop varies inverselv as the contents of a figure bounded below 
by a circular horizontal plane of constant diamneter (less than that of the 
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sphere) tangent to the sphere, laterally by a cylinder of vertical axis stand- 
ing on the tangent plane and cutting the sphere, and above by the convex 
surface of the sphere itself (Plate IV. fig. 4). 

As the diameter of the sphere still further diminishes, the size of the 
drop is limited by the possible size of its base, until finally the sphere is 
completely included in the drop. 

It would be interesting, but it would take us too far, to colnsider the vari- 
ous cases of liquids dropping from cones, edges, solid angles, cylinders, 
rings, &c. We must content ourselves in this direction with the fact that 
the size of a drop is greater the more nearly plane is the surface from 
which the dropping takes place. If it were possible for a drop to fall from 
a concave surface, we should anticipate a still further increase in its size. 

The relation between drop-size and curvature may be more strikingly 
shown by arranging the spheres one above the other in the order of mag- 
nitude. 

Plate IV. fig. 5.-Each sphere receives the drops from the higher one. 
The quantity of water which drops in a given time, from every sphere, is the 
same. Hence in all cases the number of drops is inversely as the drop- 

TABLE IX.-Water. 
gt-= 2". 
T=23' C. 

~ 1. 2. 3. 4. 

Radius Number Weight Mean weighit 
of disk. of drops. of drops. an rive size of single drop. 

in. grm. 
20 3-3682 
20 3-1193 

- 20 3 2523 0 16325 
20 1 20 3-3256 

120 3-2594) 
20 2 9693A 

4 f20 2-9854 04 
20 20 298746 014915 

20 3-0031 I 
20 1 9333 } 

3 120 1-9244 009666 1 
20 20 1'9504~ '96 

20 1-9248 
20 1-4618A 

2 120 1.4672 0%07332 
20 20 1-4688 073 

20 1'4682 
20 082 50 

1 f20 0-8212 
20. 020 08208> 004107 

20 08190 I 

size; so that by counting the number of drops which fall from any two 
spheres in the same time, we get at once the relative sizes of the respective 
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drops. For several reasons, this plan of comparison is not sufficiently ac- 
curate to measure drop-sizes; but it offers a method of making the differ- 
ence of drop-size visible to any number of persons at once. 

The only other variation in the geometrical relation between the solid 
and the liquid, whicih we shall conisicler, is the variation iuithe size of a cir- 
cular horizontal plane fromn which drops fall. 

Five disks of copper foil were cut of the radii 9509 
4 3 2 -1th of an 

inch respectively. These were fastened horizontally to vertical wires, and, 
having been thorouglhly cleaned by momiientary imnlersion in niitric acid 
and wvashing, water was made to drop from them at the rate gt- 2". 

Table IX. slhows the influence of this kinid of variation uponl drop-size. 
The waant of accord in the numbers of th-e lar- est (lisk is owing to a pecu- 
liar tremor which tlle drops exhibit at the momenit of delivery. The same 
phenomerLoni was noticed, but to a less extent, with the next smialler disk. 
With the remainder it was not noticedl. 

The curvature and shape of the solicl, and its consequent massing towards 
the liquid, is intimatelv connected with the next plhase of variationl which 
we shall coinsider, to wit, the varibation in the chemical compositioni of the 
solid from which the drop falls. The inifluence of this kincl of variation is 
to be studied by examining the size of dr1ops formed under like circum- 
stances, from spheres of the samne size, but made of dit-rerent material. Since 
in this case the liquid. remainis the same, we must limit the solids examined 
to sucl as the iiquid completely wets. In this case, variation in the drop- 
size implies a -nariation in the tblickness of thte liquid film covering the 
solid. The latter must be caused by variation in the adhesion betwxeeon the 
solid and liquid. Finally, such adhesion can only vary through one or botl 
of two causes-naiimely, variation in the density of the solid, or in its spe- 
cific adhesion dependent uponl its chemical nature. 

The first qualitative experimernt was mnade upon three equal spheres of 
brass, glass, and cork. They were hung one above the other in the mnanner 
before described, so that the drop from onie sphere fell upon the lower 
one*. It was fouind that, in whatever order the spheres were arranged, 
when the flow was uniform and not quicker than gt 2"t, the dropping from 
tlhe cork took place with the greatest rapidity, that fiom the glass next, 
and that from the brass muost slowly-sholwing that the brass gives rise to 
the largest, the glass to the noext largest, and the cork to tlhe least drops. 
From this it would seem that the drops are in the -ame order as to size as 
are the solids as to density. We shall finid, howrever, that this is not always 
the case, anid that some othei property as well as density is at work to in- 
fluence the drop-size. The quantitative experimelnt, the results of wlhich 
are given in Table X., eonfirms the result of the qualitative experiment 
given above, but shows, at the same time, that the joint influenices of den- 

* In this kind of experiment there shotld be a considerable mass of cotton wool on, 
each sphere to rcceivy the drops from the higher one, and, by actinlg as a reservoir, to 
regulate the flow, 
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sity and chemical diversity of the solid have onily a small effect upon the 
drop-size. The conditions of the experiment were similar to those pre- 
viously described. 

TA LE X.- Water. 

gt2". 
T= 22?!9 C. 
r-=7 1 millims. 

Number of drops=20. 

Substance. Weight of Meani weight 
20 drops. of sinigle drop. 

grms. grin. 
(24846 ) 
12-4848 1 

Cork .... i 248392 0 12418 2-4789 ~ 021 
2-4821 
24877) 

(25930) 

Glass ............ 2-5949 0 12975 
2-59531 

l2 5)900) 
t2 6225oA F 26229i 

Brass . 2-6260 0(13118 

I2-62961 
~26116) 

When a liquid drops from a solid it is not always that the adhesion be- 
tweeni the solid and liquid is overcome. The phenomenon of " wetting " 

implies a superiority of the adhesion between the solid anid liquid over the 
cohesion of the liquid; and in all cases where a liquid drops from a solid 
wlhich it wets, the act of separation is a disruption of the liquid, and not a 
separation of tlhe liquid from the solid; that is, the separationi of tlle drop 
is a failure of cohesion and not of adhesioni. We are not, however, justified 
on this account in anticipating that the size of a drop is unaffected by the 
clhemiical nature of the solid from which it drops, even in those cases where 
the adhesion between the solid and liquid is greater than the cohesion of 
the liquid (that is, where tlhe liquid completely wets the solid), because, 
although it is the liquid which is broken, yet the size of the broken-off 
part, or drop, depends in great measure uponl the thickness of the residual 
film, as we have seen in examining the influence of the growth-time (in 
Part I.) and of the radius of curvature. 

Adhesion may also exist between a solid and a liquid wh'ich does not wet 
it, as when a drop of mercury baings from a glass sphere, But the cohe- 
sion of the liquid in such a case, by its effort to brinig the liquid to the 

spherical form, and the weight of the drop so modify the adhesion between 
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the solid and liquid, by altering the size of the surface of contact between 
the two, that the size of the drop gives no direct clue to the cohesion of 
the liquid. 

We may now examine a few cases in. which, the size of the sphere re- 
maining the same, and its denslty in some instances nearly so, the matter 
of the solid varies, but the liquid wets it in all cases. This will show 
whether the differences of Table X. are due wholly to differences of density 
of the solid, or also or wholly to differences of chemical constitution. 

TABL3E XI.- Water-. 
gt=2. 
T=23GC. 

Radius of curvature= 7 milliins. 

1. 2. 3. 4. 

Substance. Weight of Mean weight Specific gravity 20 drops. of single drop. of solid. 

grins. grin. 
F2-3905 

Antimony ...... 2-3980 0-11984 6 80 2-3968 
2-40106 

(2-4019) 
2-4067 

Sulphur ......... 2 4046 0A12021 2|00 
L 24063 1 
2P4022 

2-43872 
Cadmiini ...... 2434 0 12185 5 70 

2-4358J 
F2.4495 

Zinc . 24814 012246 0286 
2-44781 

F2-4522- 

Lead ....... 2-45375 012264 11-44 
2-4528J 

_2. 

Phosphorus of 23 
a 0a12274 2w08 2 4564I 

F2-4528 - 

Bismou uth 2 ....... 2 t4580 m 012285 9w90 
~2.45893 
F2-4843 

Tin..j...... 2-4864 0-12425 7-29 

L2-48611 

Equal spheres of the substances were made by casting them in the same 
buillet-mould. The surfaces of the metals were roughened by momentary 
immersion in acid; tin and antimony in hydrochloric, the rest in nitric 
acid. Without this precaution a metallic surface is apt to be wetted only 
locally, the base edge of the drop is irregular and inconstant, and the drop- 
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weight varies. Indeed with some metals, such as tin, a smooth arid bright 
surface is scarcelv wetted by water. 

As the bodies examined have different coefficients of expansion by heat, 
and one of them expands on solidification, it was necessary to test the 
equalitv of their size and remedy any iniequality. This was donle by ar- 
ranging three of them, one at each angle of a small equilateral triangle 
drawn on a large piece of plate glass. Another piece of plate glass was 
then placed upon the spheres so as to rest on them all three, and slightly 
loaded. On passing a gauge between the plates, at their edges, the slightest 
inequality of the spheres could be detected, because the gauge lifted the 
plate off the smallest of the three balls, which could then be moved. The 
larger spheres were then reduced in size by brisk agitation in acid. The 
sulphur and phosphorus were, for the same purpose, washed in ether. 

Although there is onily a slight difference between the consecutive terms 
of column 3, yet between the extremes of anitimony and tin a well-marked 
difference exists. 

This Table shows that the drop-size stanids in no simple relation either to 
the equivalent density or chemical character of the solid, and establishes 
the existence of a specific adhesion independent of these. Although the 
differences of Table IX. may be partly owing to the differences of density 
of the solids cork, glass, and brass, yet we see from Table X. that there 
is about half as great a diference between the sizes of drops from antimony 
and tin as between those from -cork and brass, although the difference of 
density between the first two is small compared with that between the last. 
Again, sulphur gives rise to drops intermediate between those of antimony 
and cadmium. Without, therefore, venturing to assert that density is with- 
out influenice on drop-size, it is clearly proved that it does not exert the 
most powerful influience. 

We have finally to examine the direction and extent of variation in drop- 
size caused by change of temperature. By altering the density of the 
liquid, a change in its temperature may affect the drop-weight without 
altering the drop-size. It may further alter the drop-size by altering the 
size and therefore the curvature of the solid. Any error introduced by 
the first of these souirces is eliminated by dividing the observed weight by 
the specific gravity at the proper temperature, as in the case of different 
liquids at the same temperature. Errors from the second source may be 
certainly safely neglected, being far within the errors of observation. 

In the place where these experiments were made, the range of natural 
atmospheric temperature is very small. From the coldest to the hottest 
season the difference scarcely exceeds 100 C. This circumstance made an 
extended and minute study of the inifluence of temnperature impossible, by 
preventiing more than one observationi at each temperature beinig made. 

The liquid taken was water, anld the solid was glass. The water was heated 
to the boiling-point and placed in the apparatus (Part I. fig. 3). The 
sphere from which the water fell was the bulb of the thermometer which 
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measiured the temperature. Fully tlhe upper half of the sphere was covered 
vith cottoni-wool, so that the xwhole of the sphere was kept wet. The con- 

siderable mass of mercury in. the bulb of the dropping sphere or thermo- 
meter itself served to mialke more uniform the temperature of the drops; 
while the actuial coltact betweeui the drops auid the spherical btulb enisured 
a tolerably close approximationi between the actual temuperature of the drops 
and that iudicated on the stem. of the instrumenit. Although, therefore, 
the temperatures observed cannot pretend to any even approximate positive 
accuracy, yet they are certainly in the actual order of magnitude. The 
arrangement is seent in Plate IV. fig. 6. 

TABLE XII.-Water. 
glt= 2"t. 

r=74 mnillimns 
Number of drops= 20. 

Relative meaan 
Temperature, Weight of Weight of size of single drop 
Cenitigrade. 20 drops. single drop. (corrected for 

Vemnperature). 

g , ns. grIn. 
44 1 2 5564 012782 

40 3 40 2 579.5 0 12897 0-12985 
l37 2-5826 012913J 

. 35- 262823 0113041 
33 9 2 6105 01 030552 
32-6 2-6161 0-13080 
31P2 2 5960 0-12980 

30 6 30 6 2-6065 0-13032 0-13066 
29. 2 6044 0-13022 
28 2 2 5983 0-12992 
28 2-6078 0-13029 
27-5 206032 0 130160 

20-4 20 4 2 6480 0-13240 013-202 

In the above Table the temnperatures are so grouped together that the 
Tneans of the groups differ from onie another by about I0? C. *The sinigle 
drop-weights are correspondingly grouped, anid the mean of each group is 
then divided by the specific gravity of water (00= 1) at the mean tempe- 
rature of the group. 

It appears then that, for a range of 200 Centigrade, or 36? F., the dif- 
ference in drop-size effected by change of temperature in the liquid is in- 
appreciably small, lnot being more than 0 00277, a quantity almost within 
the limits of experimental error; for on referririg to Table X. we find that 
the greatest differenice between the numbers for glass, which should be 
equal, amounts to 0 00044 grm., or a sixth of the greatest difference due 
to variation in temperature. 

On the whole, then, we may conclude that the teimperature has very little 
influence on the drop-size in the case of water between the above limits. 
No doubt, near the point of solidification, where liquiids have an incipienit 



1864.] Prof. Guthrie on Drops. 469 

structure, the drop-size would be subject to sudden changes of magnitude. 
A few experiments with other liquids, namely turpeiitol, acetic acid, and 
alcohol, showed that with them the drop-size was almost equally insernsible 
to chalnge of temperature; and in all cases, as with water, the lower the 
tenmperature, onl the whole, the larger the drop. 

We have now examined seriatim all the clhief causes upon which the 
drop-size depends in the case SLG. They are, 1. Rate of delivery; 
2. Solids held in solution; 3. Chemical niature of liquid; 4. Geometric 
relation between solid anid liquid; 5. Density and chemical nature of solid; 
6. Temperatu-re. 

Our data, however, are still insufficient for us to predict, ulder all cir- 
cumstances, the relative sizes of the drops of liquids under known external 
conlditions. Clearly the missing term is closely related to the specific co- 
hesioni of the liquid. But what is cohesioni ? andcl how can it be measured? 
It lies perhaps in the niature of things-it seems at least inevitable-that 
the niomenclature of elementary properties snould be vague aind unsatisftac- 
tory. The properties of solids-hard, soft, brittle, tough, teniacious, elastic, 
malleable-do not staind in any definite relation- to one another. Even the 
hardness which resists abrasion, the hardness which resists penetratiol, the 
hardness which resists crushing are by no means ideentical ; so that onie 
body may possess more of the one sort of hardness than a second body 
does, while the second body exceeds the first in anotlher sort of hardness. 
Nor do any of the above-mentioned properties of solids stanid in aniy simple 
relation to that resistance to the separatioln of the contiguous parts which 
is called cohesion. Thus, by no attribution of this single property of co*- 
hesion could we define ice or shell-lac, bodies which are at the same time 
tough, brittle, elastic, and soft. 
- We are forced to the coniception of two distinct kinds of cohesion-stub- 
born and persistent. These may coexist, but are not identical. The olle 
is strong to assert, the other pertinacious to maintain. The four following 
substances may serve to illustrate the possession of these two cohesions in 
various quantity. 

Talc has little stubborn and little persistent cohesioln. 
Glass has much stubborn and little persistent cohesion. 
Gold has little stubborn and much persistent cohesion. 
Iron has much stubborn and much persistent cohesion. 
The necessity for such a discrimination exists in a yet higher degree in 

liquids. If we conceive two liquids of different nature dropping, from the 
same substance which they both wet, and if there be only onle kind of co- 
hesion, the one wlhich hIas the greatest cohesion will tend most strongly to 
assume the spherical form; and this would tend to cause it to drop sooner, 
or have a smaller drop-size tlhan the other. On the other lhand, the liquid 
of stronger colhesion will cling most strongly to the film of liquid adhering 
to the solid; this will keep it longer from falling, and thereby increase its 
drop-size. Hence an increase of cohesion tends to produce two contrary 
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effects. But if there be a similar distinction between the two kinds of co- 
hesion of liquids, as above pointed out in the case of solids, we have the 
following consequence. It is the persistent cohesion which causes the as- 
sumption of the spherical form, the stubborn which resists the separation 
of the drop. The former tends to diminish, the latter to increase its size. 
As onie or other predominates, the size of the drop varies. 

Accordingly the drop-size is by no means a measure of what is generallv 
called the cohesion of the liquid, but rather a measure of the difference 
between the two cohesions, stu-bborn andl persistent; and the law is, that 
the drop-size varies inversely as the persistent, aind directly as the stubborn 
cohesion of the liquid. 

In mercury, water, and glycerine the stubborn cohesion is greater in 
proportion to the persistent cohesion than in the other liqcuids examined 
but it by no means follows that persistenit cohesion is wanting in mercury 
or stubborn in alcohol. 

When a drop is in the act of falling its stubborni cohesion is in equili- 
brium with the resultant of two forces-the onie, the persistent cohesion, 
tending to produce a spherical form, the other the weight of the drop. 
Since the former of these component forces is, for the same liquid, constant, 
it seems as though the weight of the drop might ue taken as a measure 
and expression of the stubborn colhesion. Buit such is nlot the case, because 
we have no ground for supposing that the diameter of the drop where the 
separation occurs is of constant size; on the contrary, it mnust be conceded 
that in larger drops this hypothetical surface of stubborn cohesion is larger 
than in smaller drops. Further, unless we know the exact shape of a drop 
in all cases, we are not in a positionl to deduce the size of the surface of 
cohesion from the drop-size or drop.weight. 

In the cases where it has been tried, it has niot been found that the niature 
of the gaseous medium ini the case of SLG exerts any appreciable or defi- 
niite influence upon .the drop-size. Taking glass for the solid and water 
for the liquid, the medium was changed from air to nitrogen, hvdrogen, 
and carbonic acid. The exceedingly slight variation wrought in the 
drop-size by this change may probably have been due to the different solu- 
bility of the gases in water, and the consequenit alteration in the cohesion 
of that liquid. 

Having, now traced the effect of variation in the conditions which deter- 
mine the size of a drop in the general case SLG (or where from a solid a 
liquid drops through a gas), we come to the case SLL (that is, where from 
a solid a liquid drops through a liquid). As in the cases of SLG, we must 
here also take the three terms of suclh hebmical nature as to be withouit 
action upon -one another. 

SLL. From a Solid a Liquid dr?ops through a Liquid. 

A preliminary quantitative experimenit was made under the following 
conditions:-Water was made to drop from a glass sphere at the rate 
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gt- 51f The drops were collected in a tube bearing an arbitrary mark. 
The number of drops required to fill the tube up to this mark was nioted. 
Then the sphere was surrounded by turpentol, and the rate havin, been 
brought again* to gt=511, the number of drops of water necessary to fill 
the tube up to the same mark was counted. The turpentol being replaced 
by benzol, the same operation was performed. The entire arrangement of 
the Stalagmometert is seen in Plate V. fig. 7. 

X, Y are contrivances described in Part I. for giving a uniform flow of 
water. 

The siphon A rests upon the cotton-wool covering half of the dropping 
sphere and thermometer-bulb G. The sphere is held by its stem B in the 
clamp H. C is half a globular 1-lb. flask, supported by the filter-stand K. 
Through the neck of C passes the tube D. C and D are joined liquid- 
tight by the caoutchoue collar L. A few arbitrary marks are made at E. 
The lip of C is turned down to a beak at M above the vessel F. 

In adjusting the instrument, to get the required value of gt, the holder 
K is slipped along the table so that the drops from G fall between C and 
D, and not into D. Wheni the required rate is obtained, it is slipped back 
again. When such liquids as turpentol are used as media, a little water 
is poured between D and C to protect the caoutchouc. In all cases where 
a liqui-d medium is employed C is filled till it runs over. 

In the first experiment, of which the results are given in the following 
Table XIII., the numbers are subject to two sources of error. The volume 
filled is rather small, and no allowance is made for meniscus. In this, as 
in all cases of SLL, great care must be taken not to shake the instrument. 

TABLE XIII.-Water. 

yt=.5ff. 
T=220C. 

Radius of glass sphere= 7-4 millims. 

1. 2. 3. 4. 
Number of drops of Mean of Relative size of 

Medium. water requiired to Cln 2 single drop 
fill a given volume. olumn . (through air= 1). 

Air ...6. 28 57 0 10 
F28 

Turpentol . 26 267 214 
26 

Benzol ... {.7} . . 7 0 8-14 

There is therefore a greater difference between the drop-sizes of water in 
benzol and turpentol than between those in turpentol and air. The tur- 

* A diminution of gt is observed. t YraXaypO', a drop. 
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pentol anid benzol here employed had the specific gravities of 0863 and 
0864 respectively; they may therefore be considered of equal delnsity. 
ileice variation in the liquid medium, iindependent of variation in its deii- 
sity, produces an enormous effect uponl drop-size. We slhall have occasion 
to return to this case. 

The influence which the liquid medium exerts on the drop-size, and the 
share of tllat influence due to the specific gravity of the medium, will be 
well seen on comparing the drop-sizes of mercury which falls through 
various liquid miedia. 

The arrangement of the apparatus for this purpose is seen in Plate V. 
fig. 8. As far as A it is similar to fig. 7. The siphon A, fig. 8, is a capillary 
tube; its lower end, which is turned verticallv downwards, rests upon a sphere 
of brass, JR, whiclh has been washed with nitric acid and sodium-amalgam, and 
allowed to soak for some days under mercury. Mercury adheres perfectly 
to such a sphere. In every case the sphere was immnersed just halfway 
in the liquid. A small capsule S is supported in the liquid on a staind T 
about lhalf an inclh lower than the bottom of the sphere. As soon as gt 
becomes conistantly =.511, the vessel V is moved so that S comes under IR. 
Five drops of mercury having beeni cauglht, the cup is movedl horizontally 
as before, taken out and replaced by a fiesh one, and so on. The batches 
of five drops are washed, dried, anid weighed. The results are given in 
Table XV. 

We may, however, previouLsly notice here with advantage a phenomenon 
which attends the separation of drops under several circumstances, but 
which cani be watched most narrowly in the cases of SLL, because in. a 
liquid the separation of a drop is less abrupt than in a gas. 

When water falls from glass through air, imnmediately after the drop 
separates, a very minute drop is frequenitly projected upwards from the 
upper surface of the drop*. I have not traced the cODnditions under which 
this supplementary drop is formed; indeed it is sometimes formed, and 
sometimes not, under apparenitly similar circumstances. No doubt the 
proximate cause is that the drop at the instant of separation is not sphe- 
rical; the persistent or retentive cohesion, which brings it almost imme- 
diately to its normal shape, does not allow time for its more excentric parts 
to collect to the main mass ; they are therefore by the motion of the main 
tdrop flung off and projected upwards. 

The same phenomenoni is seen much more distinctly when water drops 
at this rate (gt-5") throug,h beuzol or turpentol. In these cases the per- 
sistenit cohesion of the liquid mediuian conmes also into play. 

Buit the most striking example of supplementary drops is seen when 

* The secondary drop may be well showni by holding a plate conitaining anlhydroun 
'cupric sulphate about two inches below the dropping solid. The white salt is smoothened 
by pressure under a plate, and its surface, being porous, absorbs the water-drops instantly 
and without splashing. The blue spots of hydrated sulphate show where the water 
has fallen. 
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glycerine forms the medium through which mercury drops. In this case, 
when gt - 5, there are always two_supplementary drops of merculry formed. 
It is impossible to determine whether thev both have their origin at the 
same moment and from the same drop. The probabilitv, however, is that 
they have not, but that one is first separated from the main drop, and the 
second from the first; for there is always a great disparity between the 
sizes of the two suppleriientary drops, whereas, if they were both formed 
at the same time and for the same reason, we should be justified in expect- 
iiig greater equality. The drops soon separate in falling, in consequence 
of the difference of their surfaces. T4e relative sizes of the main and sup- 
plementary drops in the case of mercury falling from copper through gly- 
cerine were determined as follows:-A nunber of porcelain cups (fig. 9) 
were arranged at the bottom of a shallow dish full of glycerine; when the 
rate of dropping was uniform at gt=4"', the dish was shifted horizontally 
so that every drop with its two supplements was caught in a separate cup. 
The globules of mercury in each cup were removed by a little scoop of 
copper foil. Ten of each kind were collected. After washing and drying, 
they were weighed, with the following result: 

TABLED X1V,-Me1uCry. 

gt=41'. 
T-21? 3 C. 

Radius of sphere-- 12 8 millims. 
grms. 

10 principal drops weighed. 6-3447 
10 first supplementary drops weighed 0..... 1242 
10 second do. do. do , 0-0229 

10 complete drops weighed. 64918 

In all cases of SLL the supplementary drop or drops were collected and 
weighed or measured with the main drop. 

In Table XV.- 
Column 1 shows the medium through which the mercury dropped. 
Column 2. The number of drops weighed. 
Column 3. The weight of the drops. The weight of every batch of drops 

is given, in order that the approximation between the figures for each liquiid 
may be compared with that between the separate liquids. In two cases 
only, marked by an asterisk, are the numbers probably erroneous. They 
are not reckoned in taking the mean. 

Column 4. Mean weight of single drop, from column 3. 
Column 5. Specific gravity of medium. 
Column 6 shows the weight of the drop of mercury in the tiquid. Since 

the falling of the drop is determined in part by its weight, and since the 
weight depends not only upon the size of the drop, but also upon the den- 
sity of the medium in which it is formed, it is interesting to see how the 

VOL. XiII. 2N 
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size of the drop is affected by the diminution in its weight caused by the 
denisity of the medium. 

If W1=weight of drop of mercury in air, 
W2=required weight of drop of mercury in liquid, 

A=specific gravity of liquid, 
B=specific gravity of mercury; 

then W2=W IB w1. 

The values of W2 form columii 6. 
The liquid media are arranged according to the order of magnlitude of the 

numbers of colurn 4. The salient points of Table XV. are chiefly these: 
1. The drop-size of a liquid which drops under like conditions through 

various media does ntot depend wholly upon the density of the medium and 
consequent variation in the weight, in the medium, of the dropping liquid. 
Thus glycerine, whose density is above that of all the other liquids ex- 
amined, does not, as a mediunm, cause the mercurial drop to assume either 
its minimum or maximum size. 

2. The liquids in Table XV. are in the same order as in Table VII. 
In other words, if there be two liquids, A and B, which drop under like 
conditions through air, and the drop-size of the one, A, be greater thtan 
that of the other, B; then if a third liquid, C, be made to drop through A 
and through B, the drop-size of C through A is greater than the drop-size 
of C through B. 

3. Further, on comparing Tables XIII. and XV. it appears that, whether 
water or mercury drops through turpentol and benzol, the drop through 
benzol is greater than the drop through turpentol. This we shall after- 
wards find confirmed in other instances into the law, If the drop-size of 
A through B be greater than the dr-op-size of A through C, then the drop- 
size of D through B is also greater than the drop-size of D through C. 

It is further observed that, while mercury exhibits its largest drop when 
falling through air, water assumes its smallest drop-size under this condition. 

This method of the examination of liquids by drop-size in the case SLL, 
which brings so prominently forward a comparatively slight difference be- 
tweeni similar liquids, may be used, not only to detect commercial adulte- 
rations of one liquid by another, but perhaps to distinguish between those 
remarkably-related isomeric liquid bodies (the number of which is quickly 
increasing) between whose terms the difference has until lately escaped 
detection. Of these bodies perhaps the first most remarkable inistance was 
furnished by the two amylic alcohols; but the greatest number at present 
known is amongst the hydrocarbons. 

We may take an example illustrating the use of the stalagmometer in 
approximatelv measuring the proportioni, in a mixture, of its two chemically 
anid physically similar, but not isomeric constituents. 

Suppose we had a liquid which we knew to consist wholly of a mixture 
of benzol and turpentol, anid we wished to find the proportion in which 
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TABLE XV. Mercury. 
gt=5". 
T=210?3 C. 

Radius of sphere= 12 8 millims. 

1. 2. 3. 4. 5. 6. 
Medium N b Mean weight in Specific Weight of 

through which uomfer Weight air and gravity single drop in 
the mercury of of drops. relative size of of respective 

dropped. ops. single drop. medium. medium. 

grins. gm. grin. 
F G 3 8123 | 

5 3-8138 
5 38169 
5 3-8389 
5 38141 

Air .. 5 38131 F 076545 000 0-76545 
5 38182 
5 3-8557 
5 358430 
5 3-8105 

_ 5 38535 

(5 35037 
10 6-9384 15 3.4534 

Walyerine . ..... . 5 3-5047 069750 1200 0564619 
5 3:4918 
5 3-5015 

5 3-5066 

(5 3-4235 
5 304215 
5 34235 

I5 3-4285 
Glycerine ...... 5 33027 0661508 10245 0-55793 

5 3-4083 
5 234329 
5 3-4090 

.-_,_.__ . 5 3.3981) 

5 2-9418 

5 320773 2. 4 5 29888i 
5 2-9637 Bezol .29549 059822 0864 056014 

5 3-0767 
5 

2-9583 5 2-9352 0 6-0144 

5 2-1427 
{ 2-1900 

5 2-1883 
5 2-1960 

2-1820 
Tuirpentol .... 5 2-1620 0-43497 0-863 001 

5 2-1768 
5 2-17,91 
5 2-1708 ) 

2N 



476 Prof. Guthrie on Drops. [Recess, 

these two ing,redients were present. We could scarcely approach to an 
answer by any of the means hitherto employed. The specific gravities of 
the two liquids are so close (-864, 863) that the density of the mixture 
would give us no substantial aid. Though there is a conisiderable differ- 
ence (800 C.) in their boiling-points, no one who is familiar with the diffi- 
culties of fractional clistillation would place aniy relianice upoln a quantita- 
tive separation based upon volatility. TIheir refractive indices are nearly 
the sanme Their vapour-densities, 2 77, 4 76, though comparatively 
different, are not absolutely v-ery wide apart. They are active and passive 
towards most of the same chemical reagents, and interfere with one another's 
reactions. If we have r ecourse to chemnical analysis (C12 ,, C20 E1 a very 
small experimental error would poinit to a great difference in the proportion 
of the two. 

To finid how far the stalagtmometer (Plate V. fig. 7) is applicable in. this 
case, it was filled with five liqtlids in succession:- 

1st, with benzol ............................. -B. 
2nd, with two voluames blezol and one of turpeutol =B2T. 
3rd, with one voluine beuizol and one of turpentol. .- BT. 
4th, with onie volume benzol and two of turpentol =BT2. 
5th, with turpentol........ I ..... _T. 

The time-growth being brought in each case to 5"1, the niumber of drops 
of water required to fill a given volume was counted, allowance beinlg inade 
for the meniscus. 

TABLE XVI. 
Through ... ir. T. BT2. BT. B2T. B. 

102 51 38 34 31 14 
102 51 37 33 31 14 
101 50 38 33 31 14 

..__ 49 .. . . . 

Mean., l1(JI7 50'2 37.7 33*3 31 14 
Hence a differenice of 16-6 per cent. in one of the constituernts corre- 

sponids to an observed differelnce, under the most unfavourable conditions, 
of three drops. In other words, the stalagmometer is sensitive to an alter- 
ation of about 6 per cenit. By increasing the capacity of the recipient, it is 
clear that the drop-numnbers, and therefore their differences, might be in- 
creased at pleasure. Thus by counting the number of drops necessary to 
fill a volume six times the size, we could tell to within one per cent. how 
much tuirpenitol and how much benizol were present. 

But it is perhaps in the cases of the still more proximate identity of iso- 
meric bodies meentioned above that the stalagmometer mnay be used rather 

- *1 The refractive index of turpentol is 1-476; that of benzol does not appear to have 
been measured; but that it is almost identical with that of turpentol is seen on mixing 
the two. In those cases in which I propose chiefly to use the stalagmnometer, namely 
with isomeric liquids, the method of refraction is useless, becepuse isomeric liquids 
seem always to have the same refractive indices. 
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as a stalagmoscope, to render evident rather than to measure a difference 
of drop-size. 

From Table XVI. we gather the general law concerniing three liquids, 
two of which are insoluble in the third. If a liquzid, A, drop downwards 
under like consditions in succession through two liquids, B and C, then its 
drop-size through any mixture of B anzd C is intermediate between its 
drop-size through B anzd its drop-size through C; and the greater the 

B 
proportion of C in the mitlure, the more nearly does the drop-size of A 

throulgh the mi ture approach to the dro.p-size of A through c alone. 

We have already examined the influences on the drop-size in the case 
SLG of the density of the dropping liquid, and of its persistent and stub- 
born cohesions respectively. Increase in the former two tends to diminish 
the drop-size; increase in the last to increase it. Let us examine in like 
manner the influence of the similar properties of the medium. 

1. The density of the medium.-Increase in the density of the medium 
is equivalent to diminution in the density of the dropping liquid, alnd must 
therefore be followed by a tendency to increase in the drop-size. 

2. Stubborn cohesion of viedium.-The resistance to displacement, or 
stubborn cohesion of the medium, tends to keep back the drop in its place, 
and makes it necessary for a larger quantity of the droppilng liquid to ac- 
cumiulate; that is, it increases the drop-size. 

3. Retentive cohesion of mediumn.-The same force of persistent or re- 
tentive cohesion which causes a drop of a liquicl to take the spherical form, 
would also cause the liquid to give or tend to give a spherical form to an 
irregularly-shaped volume of a solid, liquid, gas, or vacuuim in it. Thus 
gas-bubbles in liquids have an approximately spherical form, niot by reason 
of the cohesion of the parts of the gas, but by the persistent cohesion of 
the liquid medium which moulds the gas into that form by which the co- 
hesioni of the liquid is nmost gratified. 1-Jence increase in the retentive or 
persistent cohesion of the mediumn tenids to diminish the drop-size of the 
dropping liquid. 

In all cases of SLL we may represent the direction of the influelnce of 
the determuinants by the following scheme, in which the signl + denotes a 
tenidency to increase, the sign - one to dinminish the drop-size 

SLL. 
Dropping Liquid. 

+ 
StuLbborn cohesion. Persistent cohesion. 

Denisity. 

IlMedium Liquid. 

Stubborn cohesion. Persistent colhesion. 
Delnsity. 
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This scheme ig verified by the experimental results obtained. Of all 
liquids water forms the largest drops in falling through air, because in it 
the stubborn cohesion prevails to the greatest degree over the joint action 
of persistent cohesion and weight. In water nmercury forms drops greater 
than in all other liquids, because in water (as a medium) stubborn cohesion 
and weight prevail to the greatest degree over persistent cohesion. 

The case SLL may be inverted if the drop-forming liquid be specifically 
lighter than the medium liquid. Thus every case of SLL which we have 
examined in which a liquid, A, drops downwards through a liquid, B, has a 
counter case in which the liquid B drops upwards* through the liquid A. 

In order to measure the size of such ascending drops, the stalagmometer 
(fig. 7) is modified in form. It is not found possible to cause the dropping 
liquid to adhere with sufficient completeness and uniformity to a solid 
sphere immersed in the denser medium, in the cases experimented on. 
The end of the siphon A was turned upwards, and served as the solid 
whence the liquid dropped, without the interposition of a sphere or other 
solid. The measuring-tube D was removed from the neck of the cup C, 
a stopper being inserted in its place. The cup C was filled with water, 
and the measuring-tube D, being also filled with water, was inverted into 
it and supported by the holder H. The modified stalagmometer is seen 
in Plate V. fig. 10. Care was taken that the end of the siphon A should 
always be at the same depth beneath the surface of the water in C. 

The drop-sizes of the liquids of Table XVI. were first examined by this 
stalagmometer. 

The following Table XVII. shows the number of drops of the various 
liquids, dropping through water, reqniired to fill the measuring-tube up to 
the given mark. The measuring-tube employed was different from that 
used in forming Table XVI. On this account, and because the deliver- 
ing solid was quite different in shape, and gt ornly 2", no immediate com- 
parison can be made between Tables XVII. and XVI. In Table XVII. 
correction is made for meniscus. 

TABLE XVII. 
gt= 2". 
T=240?2 C. 

T. B3T2. :BT. B2T B. 
287 252 229 205 103 
287 252 231 205 104 
287 251 230 207 104 
287 2517 230 205-7 103-7 

We gather from this Table a law quite similar to that deduced from the 
measurement of the size of the downwards moving, drops of water through 
these same liquids. It is as follows: 

The drop-size of any mixture of two liquids, A and B, drop ping up- 
* SeeP art L Introduction. 
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wards through a third liquid C, is intermediate between the drop-size of 
A through C and that of B through C; and the greater the proportion of 
A there is in the mixture, the more nearly does the drop-size of the mix- BA 
ture approach to the drop-size of B alone. 

It is remarkable that supplementary drops are found in the cases just 
considered, just as in the case of water dropping through the same liquids. 
But the supplementary drops of benzol and turpentol through water bear 
a much smaller ratio to the main drops than do those of water through 
benzol and turpentol to their maini drops. Judging only from the equality 
in their rate of ascent through the measuring-tube, all these supplementary 
drops are very exactly of the same size. The supplementary drops were 
not further examined, but were always collected and measured with the 
main drops. 

Viewed as a means of quantitative chemical analysis, the measurement 
of the drop-sizes of liquids which drop up through water is yet more 
sensitive than that of the drop-sizes of water falling downwards through 
the liquids. Thus, from Table XVII., the least proportional difference of 
drop-number, caused by an alteration in the proportion of the liquids, is 
between T and BT, where a diminution of 33-33 per cent. in the turpen- 
tol and an addition of 33-33 per cent. of benzol causes a difference of 35 3 
in the drop-number. 

Liquid ........T. BT,. BT. B,T. 13 

Percentage.. B= 0 33633 50 66 66 100 
~T=l100 66-66 50 33.33 0 

Difference of {B 33133 16-66 16-66 -33.33 
percentage. . (T 33*33 16-66 16-66 33-33 
Difference of 35 3 21-7 24-3 102-0 
drop-number 

Or this stalagmometer shows the composition of the liquid to within 
1 per cent. Further, if the mixture contain less than one-third of benzol, 
we could determine the proportion, on an average, to within 0 33 per cent. 

It may be noticed with regard to SLL that the value of gt is of much 
less influence upon the drop-size than in the case SLG. It is generally 
sufficient in the former case that the average value of gt should be con- 
stant. This is especially the case where the drops are formed from a tube 
(as the end of a siphon), and not from a convex solid. The reason is 
obviously that in the former case the thickness of the residual film, upon 
which we have found the size to depend, is at all rates indefinitely great, 
while in the latter case it depends upon the rate of supply. 
. In order to compare the drop-size of A through B with that of B through 
A under quite similar conditions, the siphon A of fig. 10 was inverted and 
applied to the cup stalagmometer of fig. 7. The arrangement of the end 
is seen in fig. 11. In using this form of stalagmometer, the end of the 
delivery-siphon must be at first wiped dry, so that the water may not 
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creep back along its outside, and so give rise to an irregular drop-base. 
Water was made to drop through A, fig. 11, at the same rate, gt=2"1, and 
through the same liquids as before, namely T, BT2, BT, B,T, B. The 
same measulring-tube was used as in fig. 10, or Table XVII., andl it was 
filled to the same point. Correction was made for meniscus. 

TABLE XVIII. 
gt= 2". 
T-24? 5 C. 

T. 3BT2 BT. B2T. B. 
{ 256 218 178 162 87 

Number of drops.... 256 220 177 164 86 

86 
256 219 177 5 163 86-2 

We may now compare Tables XVII. and XVIII., since the conditions 
of the experiments whence they are got are identical. The drop-sizes are 
inversely as the drop-numbers. Let us use the symbol Xy to denote the 
drop-size of the liquid X through medium Y, &e. Comparing, first, the 
size of a drop of X through mediumi Y with the size of a drop of Y through 

X~~~~~ 
mqedium X, or finding the v-alues of ~Y, we have (putting W for water) 

TADLrE XI X. 

WV1p 10317 
B; 8(i 2 =1-903. 

NV]IT 2 1262 
Br_, __ 163 

WB 230 =l1-296. 
BTwV 177-5 

BT9 251 9 ==1149. -w 
WT 287 

I-lence ini none of these cases is the drop-size of one liquid through an- 
other equal to the drop-size of the second tlrough the first. We get the 
general law, that- 

If the liquid X has a larger drop-size than the liquid Y in the liquid Z, 
then the liqutid Z hais a larger drop-size in X tha-t it has in Y. Further,- 

If a liquid X has a larger drop-size than a liqu id Y in air, then the 
drop-size of X through Y is greater than the drop-size of Y through, X. 
Again,- 

If the drop-size of X be greater than the dr op-sive of Y, and the dr op- 
size of Y be greater thanz the drop-size of Z in air, then the 2ratio betweex 
the drop-sizes of X in any mixture of Y and Z, and the drop-size of that 
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mnixture of Y and Z throtugh X, is greatest when the ratio between Y and 
Z is unity. 

From Tables XVII. and XVIII. wre may gather an interesting fact, 
which illustrates other braniches of physics. The drop-nunmbers of tur- 
pentol anid benzol througlh water being relatively 286 and 102, anid the 
drop-niumbers of water through benzol anid turpentol beinlg relatively 2t56 
and 86-2, we may construct the following Table, in. which the theoretical 
numbers are compared with the experimental ones. The theoretical lnum- 
bers are got as follows. Ex.: 

BT =103-7+2x287 

BT= 103 7+287, &c. 
2 

f Theoretical. 
IT. B3T.- BT. B T. B1. 

Mixture of benzol and turJ 287 2259 19523 l648 
pentol tlhrough water.. 

2 
E 3erimental. 

4 037 

2 287 2517 230 20517 103-7 
Theoretical. 

Water through nmixtuires 256 199.4 1711l 142 8 86-2 
of benzol and turpentol 1 Experimental. 

_256 219 177-5 163 86-2 
In all cases, thenl, the theoretical drop-number is less thani the experi- 

mental onie; or the theoretical drop-size is greater than the experimental 
one. Mixture impairs cohesion. Generally, whenl two solids are mixed, 
the melting-point of the two is lower than the mean of the melting-poinits 
of its components; sometimes lower than that of either. When two liquids 
are mixed, the boiling-point of the mixture (the iniitial boiling-point) is 
lower than that of either. The drop-size, which is also a function of the 
cohesion, we find here in no case to be less than the drop-size of either of 
the constituents, but in all cases to be less than the theoretical mean. 
Mixture impairs cohesioln. 

Further, comparing the drop-sizes of Table XVII. with one another, 
or all with Bw, we get 

TABLE XX. 
Bw 287 =21767. 

3 03- 7 
Bw 251-7 247 

BT2 103.7 

Bw - 230,=2227. 

Bw_ 205-7= 1-983 

Bw 103 7= 1000. 
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In like manner, comparing the drop-sizes of Table XX. with one an- 
other, or with WB, we have 

TABLE XXI. 

W1 
26= 2-969. 

WT 86.2 

WBT 86 =26541. 
WB 177-5 2-059. 
WBT 86.2 

WB 163 =180 
WBT 86 2 

WB_ 86-2 

Lastly, on comparing these figures with those of Trable XX., we get 
the remarkable law, which it would be difficult to express in words, that 

WT *T WWB . BT2W WB . BTW_ W'l., B 2Tj 
WT . Bw 

- 
WBT, . Bw IT Bw 2 ~WB 1 w nearly. 

Trhe main results with regard to drops may be collected into the follow- 
ing laws:- 

SLG. 
Law 1.-The drop-size depends upon tne rate of dropping. Generally, 

the quicker the succession of the drops, the greater is the drop; the slower 
the rate, the more strictly is this the case. This law depends uipon the 
difference, at different rates, of the thickness of the film from which the 
drop falls. 

Law 2.-The drop-size depends upon the nature and quantity of the 
solid which the dropping liquid holds in solution. If the liquid stands in 
no chemical relationi to the solid, in general the drop-size diminishes as 
the quantity of solid contained in the liquid increases. The cause of this 
seems to be that the stubborn cohesion of the liquid is diminished by the 
solid in solution. Where one or more combinations between the liquid 
and solid are possible, the drop-size depends upon indeterminate data. 

Law 3.-The drop-size depeinds upon the chemical nature of the drop- 
ping liquid, and little or nothing upon its denisity. Of all liquids exa- 
mined, water has the greatest, and acetic acid the least drop-size. 

Law 4.-The drop-size depends upon the geometric relation between 
the solid and the liquid. If the solid be spherical, the largest drops fall 
from the largest spheres. Absolute difference in radii takes a greater 
effect upon drops formed from smaller than upon those formed from 
larger spheres. Of circular horizontal planes, withini certain limrits, the 
size of the drop varies directly with the size of the plane. 

Law 5.-The drop-size depends uponi the chemical nature of the solid 
from which the drop falls, and little or nothing upon its density. Of all 
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the solids examined, antimony delivers the smallest, and tin the largest 
drops. 

Law 6.--The drop-size depends upon temperature; generally, the higher 
the temperature the smaller the drop. With water, the effect of a change 
of temperature of 20? C. about 300 C. is very small. 

Law 7.-The nature or tension of the gaseous medium has little or no 
effect upon drop-size. 

SLL. 
Law 8.-The drop-size of a liquid which drops under like conditions 

through various media, does not depend wholly upon the density of the 
medium and consequent variation in the weight, in the medium, of the 
dropping liquid. 

Law 9.-If there be two liquids, A and B, which drop under like con- 
ditions through air, and the drop-size of the one, A, be greater than the 
drop-size of the other, B, then if a third liquid, C, be made to drop through 
A and through B, the drop-size of C through A is greater than the drop- 
size of C through B. 

Law 10.-If the drop-size of A through B be greater than the drop- 
size of A through C, then the drop-size of a fourth liquid, D, through B is 
also greater than the drop-size of D through C. 

Law 11.-If a liquid, A, drop under like conditions in succession throulgh 
two liquids, B and C, then its drop-size through any mixture of B and C 
is intermediate between its drop-size through B and its drop-size through 

C. Corr. And the greater the proportion of B in the mixture the more C 
nearly does the drop-size of A through the mixture approach to the drop- 

size of A through B alone. 

Law 12.-The drop-size of any mixture of two liquids, A and B, drop- 
ping through a third liquid, C, is intermediate between the drop-size of A 

through C and that of B through C; and the greater the proportion of A 

in the mixture, the more nearly does the drop-size of the mixture approach 

to the drop-size of A alone, whether the dropping liquid be heavier or 

lighter than the liquid medium. 
Law 13.-If the liquid X has a larger drop-size than the liquid Y in 

the liquid Z, then the liquid Z has a larger drop-size in X than it has in Y. 
Law 14.-If a liquid, X, has a larger drop-size than a liquid, Y, in air, 

then the drop-size of X through Y is larger than the drop-size of Y 
through X. 

Law 15.-If the drop-size of X be greater than the drop-size of Y in 
air, and the drop-size of Y be greater than the drop-size of Z in air, then 
the ratio between the drop-sizes of X in any mixture of Y and Z, and the 
drop-size of that mixture of Y and Z through X, is greatest when the ratio 
between Y and Z is unity. 
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